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摘要 
人体皮肤是人体抵御病原体的第一道防线，同时皮肤表面这个多样化的环境
中共生着大量的微生物，包括细菌、真菌和病毒。如果将皮肤看作一个生态系统，
那么它就是由各类微生物和皮肤表皮的组织细胞以及各种分泌物等共同组成的
有机整体，维持着微生物群落与皮肤组织环境之间的微妙平衡，一旦这种平衡被
打破就会引发皮肤感染或疾病。因此，研究皮肤微生物群落，了解皮肤不同微生
物群落之间的关系，找出不同微生物群落之间的差异性就显得至关重要。 
本文基于人体皮肤不同的微生物群落高通量测序数据样本，先采用基于短
k-tuple 的无需序列比对方法，引入插值马尔科夫模型进行背景序列建模，通过无
监督聚类分析方法，识别出不同群落与群落之间的关系。然后基于聚类得到的样
本类别信息，采用长 k-tuple（k>30bp）序列作为特征来进行有监督分类，从而识
别出不同宏基因组样本中的特异性 tuple。最后，通过 BLAST 将特异性序列配准
到相关基因组数据库，找到对应的差异性微生物。识别出描述微生物群落特征的
生物学意义。 
本文基于无监督聚类方法分析皮肤微生物群落，设计了七组实验，分别针对
单独个体和多个体之间不同的微生物群落关系做了深入探究，研究发现在单独个
体间不同部位之间的微生物群落差异最为明显，左右部位差异性要大于不同皮肤
类型之间的差异，并且大多数样本能在一定时间内保持相对稳定性。而不论在单
个体间还是混合个体间，油脂型皮肤和潮湿型皮肤总能很好地区分，并且在混合
个体之间其差异性大于不同个体之间的差异。基于无监督聚类得到的皮肤群落分
组信息，将上述分类和特征抽取方法用于人体皮肤的微生物群落样本数据中，来
识别区分左右不同部位的皮肤样本以及区分油脂型和潮湿型样本的差异性长序
列特征，通过对识别出来的特异性特征进行分析发现，人体左右部位以及不同类
型皮肤微生物的组成都存在很大的差异，在左边部位皮肤样本中发现大量假单胞
菌属细菌（Pseudomonas）而在右边部位样本中发现较多痤疮丙酸杆菌
（Propionibacterium acnes），并且左右部位皮肤微生物在种层面上多样性较高，
而在属以上层面上多样性较低。在区分油脂型和潮湿型皮肤样本实验中，发现油
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
II 
脂型皮肤表面存在较多的真菌，如马拉色式菌属（Malassezia）以及黑粉菌属
（Sporisorium），而潮湿型皮肤表面存在大量的劳尔式菌（Ralstonia）、嗜血杆菌
（Haemophilus）、埃希氏杆菌（Escherichia）以及发现较多的古生菌界的硫化叶
菌（Sulfolobus）。并且同时发现油脂型皮肤微生物在门层面上多样性较低，而潮
湿型皮肤却相反。这说明不同的身体部位以及不同的生态环境都促使了不同微生
物的生长，从而呈现出明显的差异。这些具体的生物学意义对于进一步探索人体
皮肤的微生物组成和相关致病基因具有非常重要的参考意义。 
关键词：人类皮肤宏基因组；k-tuple；高通量测序；微生物群落
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Abstract 
Human skin is the first line for defending against pathogens and meanwhile the skin 
surface is symbiotic with a large number of micro-organisms in this diverse 
environment, including bacteria, fungi and viruses. If taken skin as an ecosystem, it is 
an overall integration of all kinds of micro-organisms including skin epidermis tissue 
cells and a variety of secretions, maintaining delicate balance between microbial 
communities and skin tissue environment, breaking of which will incur skin infections 
or disease. Therefore, it’s of great importance to study skin microbial community and 
get to know relations between different skin microbial communities to figure out 
difference of various microbial communities. 
Based on high throughput sequencing data samples of different microbial 
communities of human skin .First adopted interpolation Markov model for 
background sequencing modeling to alignment-free method of short k-tuple, and 
relations among different communities are identified through unsupervised clustering 
analysis. Then, based on the class information obtained by clustering, the long k-tuple 
(k> 30bp) sequence was used as the features to supervise the classification, and the 
specific tuples in different metagenomic samples are identified. Finally, specific 
sequences were registered to related genome database through BLAST to figure out 
relative differential micro-organism and biological significance of micro-organism 
community features were identified. 
This paper analyzed skin micro-organism communities based on unsupervised 
clustering method and designed seven experiments, carrying out deepened exploration 
on relations of singular individual and multi-individual different micro-organisms. 
These figured out that difference of micro-organism communities of different parts on 
singular individual is most obvious and difference on left and right side is greater than 
that of different skin types and most samples can keep relative stability in certain time 
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instinctively .Either in singular individual or multi-individual, sebaceous skin and 
moist skin can be well distinguished and difference among hybrid individual is greater 
than that among different individuals. Based on skin grouping information of different 
communities through unsupervised clustering, the aforesaid classification and 
characteristics extract method is applied to human skin micro-organism community 
sample data to distinguish skin samples on different parts of left and right side and 
identify differential long sequencing characteristics of sebaceous skin and moist skin. 
Analysis of identified difference characteristics figures out that great difference exist 
on different parts of left and right side and different type of skin micro-organism 
composition. Large amount of pseudomonas exist on skin sample of left parts while 
much more propionibacterium acnes exist on skin sample of right sides. Species 
variety is of higher level for skin micro-organism on left and right side, but of lower 
level on genus. In experiments distinguishing sebaceous skin and moist skin samples, 
much more fungus such as Malassezia and Sporisorium exist on surface of sebaceous 
skin while large amount of Ralstonia, Haemophilus, Escherichia and Sulfolobus in 
Archaea community exist on surface of moist skin. We also found out that variety of 
micro-organism of sebaceous skin is much lower on phylum while moist skin is on 
the contrary. All these indicate that different body parts and ecological environment 
will facilitate growth of different micro-organism and then present obvious 
difference .These detailed biological significance are of important reference 
significance to exploring micro-organism composition of human skin and related 
disease genes.  
Keywords: Human skin metagenomics; k-tuple; High-throughput sequencing; 
Microbial community;
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